J 



® 



Europ&lsches Patentamt 
European Patent Office 
Office europeen das brevets 



■ill 

© Publication number 



iiiiiiiiwii 

0 578 047 A1 



© 



EUROPEAN PATENT APPLICATION 



© Application number: 93109961.8 
© Date of filing: 22.06.93 



© Int. CIA H01J 37/32 





k^y Applicant Nippon telegram * leiepnone vo. 


22.03.93 JP 85183/93 


Ud. 


\g) Date of publication of application: 


no. i-o ucnisaiwaicno i-cnome 


Cniyoda-Ku 


12.Q134 Bulletin 94/02 


TOKyO(Jr) 


U*0 Desianated Contractina States* 


(72) Inventor' Nishimura Hiroshi 


DE FR 


Ishida 861-1-7-307, 




Isehara-shi 




Kanagawa(JP) 




Inventor: Ono, Toshiro 




Kawaraguchi 644-1-2-201, 




Ebina-shi 




Kanagawa(JP) 




Inventor: Matsuo, Seitaro 




Komatsudal 24-2, 




liyama 2170-43, 




Atsugi-shi 




Kanagawa(JP) 




0 Representative: Turi, Michael, Dipl.-Phys. et al 




SAMSON & PARTNER, 




Widenmayerstrasse 5 




D-80538 MUnchen (DE) 



© Plasma processing apparatus. 



< 

is 



00 
is 
in 



Q- 

UJ 



© In a plasma processing apparatus, a second 
microwave guiding unit has at least one vacuum 
waveguide with a dielectric window and an opening 
being formed on the side of the microwave introduc- 
ing hole. The vacuum waveguide Is arranged at a 
position where an external magnetic field applied 
from an external magnetic field applying unit is 
stronger than an ECR condition, and causes the 
microwave guided from a first microwave guiding 
unit to propagate through the dielectric window in a 
direction perpendicular to the external magnetic field 
such that the electric field of the microwave is par- 
allel to the external magnetic field applied to the 



second microwave guiding unit by the external mag- 
netic field applying unit. The dielectric window is 
arranged at a position at which at least a portion of 
the dielectric window cannot been seen directly from 
the microwave introducing hole. The propagating 
direction of the microwave is changed at a position 
immediately above the plasma chamber, at which 
the external magnetic field strength is higher than 
the ECR condition, thereby introducing, through the 
opening, the microwave to the microwave introduc- 
ing hole along the external magnetic field, whereby 
converting a raw material in the plasma chamber into 
plasma by electron cyclotron resonance (ECR). 



Rank Xerox (UK) Business Services 

13. 10/3.6/3.3. 11 



0578 047 A1 



HO GAS 




SOURCE GS1 





22 

A 



33 

L 





32 




31 


TUNES 


1 


MICROWAVE 


/ 


S3 


SOURCE 





COOLANT 




SOURCE CS 






FIG.l 



2 



1 



EP0 678 047 A1 



2 



Background of the Invention 

The present invention relates to a plasma pro- 
cessing apparatus and, more particularly, to a plas- 
ma processing apparatus for forming thin films by 
introducing a microwave into a plasma chamber 
through a dielectric window with an external mag- 
netic field being applied to the plasma chamber, 
converting a raw material in the plasma chamber 
into plasma by ECR (Electron Cyclotron Reso- 
nance), and radiating the resultant plasma onto a 
specimen. 

Fig. 14 shows an example of a conventional 
plasma processing apparatus. As a plasma pro- 
cessing apparatus of this type, "Plasma Deposition 
Apparatus" disclosed in Japanese Patent Publica- 
tion No. 82-43335 (Japanese Patent Application 
No. 55-57877) and "Plasma Processing Method 
and Apparatus" disclosed in Japanese Patent Laid- 
open No. 1-97399 (Japanese Patent Application 
No. 63-98330) are known. 

Referring to Fig. 14, reference numeral 10 de- 
notes a specimen chamber; 20, a plasma chamber; 
and 30, a microwave supplying means. The speci- 
men chamber 10 has a specimen holder 11 for 
holding a specimen 40 and communicates with an 
exhaust passage 13 through a ventilation hole 12 
formed below the specimen holder 11. The speci- 
men chamber 10 also communicates with the plas- 
ma chamber 20 through a plasma extracting open- 
ing 21 on the side away from the exhaust passage 
13. 

A first gas is introduced into the plasma cham- 
ber 20 from a first gas source GS1 through a gas 
inlet pipe 22 as a first gas introducing system. An 
annular pipe 23 with a plurality of small holes is 
arranged outside (in this apparatus, inside the 
specimen chamber 10) and close to the plasma 
extracting opening 21, introducing a second gas to 
the specimen chamber 10 from a second gas 
source GS2 through a gas inlet pipe 24 as a 
second gas introducing system. An annular cooling 
unit 25 is also arranged around the plasma cham- 
ber 20 to supply a coolant, such as water, from a 
coolant source CS through a cooling pipe 26. 

In the plasma generating chamber 20, a micro- 
wave introducing window (dielectric window) 27 
consisting of, e.g., a quartz glass plate, is provided 
on the end face (the upper surface in Fig. 14) 
opposing the opening 21. A microwave from the 
microwave supplying means 30 is introduced into 
the plasma chamber 20 through this microwave 
introducing window 27 while maintaining the vacu- 
um degree. A microwave mode transducer 35 is 
arranged between a rectangular waveguide 33 and 
the microwave introducing window 27 to tune the 
rectangular waveguide mode of a microwave with 
the microwave propagation mode in plasma 



An annular magnetic coil 50 is arranged around 
the outer circumferential surfaces of the plasma 
chamber 20 and the microwave mode transducer 
35 and a partial outer circumferential surface of the 

s rectangular waveguide 33 connected to the con- 
verter 35. The magnetic coil 50 generates an exter- 
nal magnetic field B required to generate ECR (875 
G at a microwave frequency of 2.45 GHz). In prac- 
tice, the magnetic coil 50 is also cooled like the 

w plasma chamber 20. 

In the apparatus with the above arrangement, 
the first gas introduced as a raw material into the 
plasma chamber 20 is excited under the ECR 
condition by a microwave introduced through the 

is microwave introducing window 27 and is converted 
into plasma. The plasma thus generated is guided 
to a position above the specimen holder 11 in the 
specimen chamber 10 by using a magnetic field 
gradient, forming a thin film on the specimen 40 

20 placed on the specimen holder 1 1 . 

The plasma processing apparatus with the 
above arrangement which forms thin films by using 
ECR plasma has various characteristics, such as a 
low gas pressure (10~* to 10" s Torr), a high activ- 

25 ity, and a low damage, and can therefore form 
dense, high-quality thin films of, e.g., SiC^, S13N4, 
and SiC at low temperatures without heating. 

In the arrangement shown in Fig. 14. however, 
the microwave introducing window 27 is in contact 

30 with the plasma chamber 20, and so a thin film is 
also deposited on the microwave introducing win- 
dow 27 during formation of the thin film. In forming 
a conductive film, therefore, the conductive film is 
also formed on the microwave introducing window 

as 27 with the result that a microwave is reflected or 
absorbed by that film. Consequently, plasma can 
no longer be maintained to make the film formation 
impossible. In some cases, the microwave intro- 
duction conditions gradually change to impair the 

40 reproducibility. As described above, the conven- 
tional apparatus with the above arrangement cannot 
form conductive films stably for long periods of 
time because the conductive films are deposited 
on the microwave introducing window 27. 

45 ECR plasma apparatuses as shown in Figs. 15, 
16, and 17, which aim to avoid the deposition of 
conductive films on the microwave introducing win- 
dow 27 described above, are also known to those 
skilled in the art However, these apparatuses have 

50 their respective problems. In Figs. 15, 16, and 17, 
the same reference numerals as in Fig. 14 denote 
the same parts or parts having the same functions. 

First, in the arrangement shown in Fig. 15, the 
microwave introducing window 27 is arranged at a 

55 position at which the microwave introducing win- 
dow 27 cannot be seen directly from a microwave 
introducing opening 28, i.e., a position at a dead 
angle from the microwave introducing opening 28. 
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In addition, a ferromagnetic member 71, such as a 
yoke, is arranged between the magnetic coil 50 
and a vacuum waveguide 72. A microwave is intro- 
duced into the plasma chamber 20 through the 
microwave introducing window 27 and the vacuum 
waveguide 72. TTie other arrangement is the same 
as that shown in Fig. 14. 

In the arrangement shown in Fig. 15, since the 
microwave introducing window 27 is arranged at a 
position to which no plasma particles fly directly, 
conductive films are not deposited easily on the 
microwave introducing window 27 compared to the 
arrangement shown in Fig. 14. In this case, the 
generation of plasma inside the vacuum waveguide 
72 is a problem. In this arrangement, however, the 
generation of plasma inside the vacuum waveguide 
72 is suppressed by decreasing the magnetic flux 
density inside the vacuum waveguide 72 by ar- 
ranging the ferromagnetic member 71 around the 
vacuum waveguide 72 (Jpn. J. Appl. Phys. 28 
(1989) L503-L506 "A Few Techniques for Prepar- 
ing Conductive Material Rims for Sputtering-Type 
Electron Cyclotron Resonance Microwave Plasma" 
by Morito Matsuoka and Ken'ichi Ono). 

In this arrangement, however, since the mag- 
netic field in the vacuum waveguide 72 is weak, a 
microwave is cut off in the vacuum waveguide 72 
by plasma diffusing from the plasma chamber 20. 
This causes reflection of the microwave to result in 
a low plasma density. 

In the apparatus shown in Fig. 16, like the 
above arrangement, the microwave introducing win- 
dow 27 is arranged at a position to which no 
plasma particles fly directly, and consequently con- 
ductive films are not easily deposited on the micro- 
wave introducing window 27. The vacuum 
waveguide 72 is coupled to the plasma chamber 
20 through a portion between two magnetic coils 
51 and 52. A microwave from a microwave source 
31 passes through the microwave introducing win- 
dow 27, propagates in the vacuum waveguide 72 in 
a direction perpendicular to an external magnetic 
field (in a direction indicated by an arrow B in Fig. 
16), and is introduced into the plasma chamber 20. 
In this arrangement, the generation of plasma in- 
side the vacuum waveguide 72 is a problem. How- 
ever, the plasma generation inside the vacuum 
waveguide 72 can be prevented because the vacu- 
um waveguide 72 is coupled to the plasma cham- 
ber 20 such that the propagating direction of a 
microwave is perpendicular to the external mag- 
netic field and the microwave electric field is par- 
allel to the external magnetic field. In addition, the 
diffusion of plasma into the vacuum waveguide 72 
is also prevented by using the property of plasma 
that it is captured by lines of magnetic force and 
therefore does not diffuse easily in a direction 
perpendicular to the lines of magnetic force (Jpn. 



J. Appl. Phys. 28 (1989) L5O3-L506 W A Few Tech- 
niques for Preparing Conductive Material Rims for 
Sputtering-Type Electron Cyclotron Resonance Mi- 
crowave Plasma" by Morito Matsuoka and Ken'ichi 
s Ono). 

In this arrangement, however, a microwave 
propagates as an orthogonal wave (one of propaga- 
tion modes of a microwave in plasma, in which the 
propagating direction of a microwave is perpen- 

w dicular to an external magnetic field and the direc- 
tion of an electric field is parallel to the external 
magnetic field) in the plasma chamber 20. There- 
fore, a cut-off phenomenon of a microwave cannot 
be avoided, and this causes reflection of a micro- 

75 wave to lead to a low plasma density. 

That is, plasma can be generated easily when 
(a) an appropriate vacuum is realized, (b) an exter- 
nal magnetic field is present in a direction per- 
pendicular to a microwave electric field, and (c) a 

20 microwave electric field is present. Plasma be- 
comes difficult to generate when at least one of 
these conditions is not established. To stably gen- 
erate high-density ECR plasma, on the other hand, 
it is necessary to satisfy the following three con- 

25 ditions at the same time: (d) a microwave is intro- 
duced into a plasma chamber along an external 
magnetic field from the side having a magnetic 
field higher than the ECR condition in order to 
prevent cut-off of the microwave; (e) the direction 

30 of a microwave electric field is perpendicular to 
that of the external magnetic field; and (f) an appro- 
priate vacuum is realized. 

In the vacuum waveguide, a proper vacuum is 
maintained and a microwave electric field exists. 

36 To prevent the generation of plasma in the vacuum 
waveguide, therefore, the microwave electric field 
may be set to be parallel to the external magnetic 
field, or the external magnetic field may be set to 
0. 

40 In the arrangement shown in Fig. 15, the gen- 
eration of plasma inside the vacuum waveguide 72 
is avoided by weakening the magnetic field inside 
the vacuum waveguide 72. If, however, plasma 
diffuses into the waveguide 72, the cut-off phenom- 

45 enon of a microwave occurs because of the weak 
magnetic field, resulting in a low plasma density. In 
the arrangement shown in Fig, 16, on the other 
hand, the generation of plasma is suppressed by 
coupling the vacuum waveguide 72 to the side 

so surface of the plasma chamber 20 so that the 
microwave electric field is parallel to the external 
magnetic field. However, the cut-off phenomenon 
of a microwave takes place in the plasma chamber 
20 to make it difficult to increase the plasma den- 

55 sity. 

In the arrangement shown in Rg. 17, an RF 
power source 81 is used to supply radio-frequency 
power (RF power) to the microwave introducing 
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window 27. That is, Ar gas is introduced into the 
plasma chamber 20 and converted into plasma, 
and the RF power is supplied from the RF power 
source 81 to the microwave introducing window 27. 
This generates a self-bias, and Ar ions in the 
plasma are accelerated and collided against the 
microwave introducing window 27 by the self-bias 
generated. The consequent sputtering effect of the 
Ar ions prevents deposition of conductive films on 
the microwave introducing window 27 (Preparation 
of TiN films by Electron Cyclotron Resonance Plas- 
ma Chemical Vapor Deposition. Takashi Akahori, 
Akira Tanihara and Masashi Tano: Japanese Jour- 
nal Of Applied Physics Vol. 30, No. 125, Decem- 
ber, 1991, pp. 3558-3561). 

In this arrangement however, the collision of 
Ar ions poses a problem of damage to the micro- 
wave introducing window 27, and this results in a 
problem of mixing of impurity materials into films to 
be formed. In addition, H is necessary to addition- 
ally provide a cooling mechanism for preventing 
the temperature rise of the microwave introducing 
window 27 and a means for supplying an RF power 
to the microwave introducing window 27. 

An arrangement in which a microwave is intro- 
duced obliquely to the central axis of lines of 
magnetic force by using one or more waveguides 
in order that no plasma particles fly directly to the 
microwave introducing window is also known to 
those skilled in the art. As an example, Japanese 
Patent Laid-Open No. 61-281883 has proposed a 
similar arrangement although the purpose of the 
arrangement is different. In such an arrangement 
however, an electric field component perpendicular 
to a magnetic field is unavoidably generated re- 
gardless of whether the waveguide is of a TE mode 
or a TM mode. In addition, the above literature 
does not mention the magnetic field strength at the 
position of the microwave introducing window. 
However, in attempting to form a magnetic field 
meeting the ECR condition inside the plasma 
chamber in the arrangement disclosed in the above 
literature, the magnetic field strength at the position 
of the microwave introducing window becomes low- 
er than the ECR condition. As a result, the ECR 
condition is formed in a vacuum portion of the 
waveguide between the microwave introducing win- 
dow and the plasma chamber. In this arrangement 
therefore, plasma is undesirably generated inside 
the waveguide, and consequently 8 microwave be- 
comes difficult to introduce to the ECR point inside 
the plasma chamber. This makes efficient plasma 
generation impossible. 

Summary of the Invention 

It is, therefore, a principal object of the present 
invention to provide a plasma processing apparatus 



capable of forming conductive films stably over 
long periods of time. 

It is another object of the present invention to 
provide a plasma processing apparatus capable of 

5 generating a high-density plasma. 

In order to achieve the above objects of the 
present invention, there is provided a plasma pro- 
cessing apparatus comprising a plasma chamber 
having a microwave introducing hole, microwave 

w supplying means, first microwave guiding means 
for guiding a microwave from the microwave sup- 
plying means, second microwave guiding means 
for guiding the microwave to the microwave in- 
troducing hole upon receiving an output from the 

is first microwave guiding means, and external mag- 
netic field supplying means for supplying a mag- 
netic field to the plasma chamber, wherein the 
second microwave guiding means has at least one 
vacuum waveguide with a dielectric window and an 

20 opening being formed on the side of the microwave 
introducing hole, the vacuum waveguide being ar- 
ranged at a position where the external magnetic 
field applied from the external magnetic field sup- 
plying means is stronger than an ECR condition, 

2s and causing the microwave guided from the first 
microwave guiding means to propagate through the 
dielectric window in a direction perpendicular to the 
external magnetic field such that the electric field 
of the microwave is parallel to the external mag- 

30 netic field applied to the second microwave guiding 
means by the external magnetic field supplying 
means, the dielectric window is arranged at a posi- 
tion at which at least a portion of the dielectric 
window cannot been seen directly from the micro- 

36 wave introducing hole, and the propagating direc- 
tion of the microwave is changed at a position 
immediately above the plasma chamber, at which 
the external magnetic field strength is higher than 
the ECR condition, thereby introducing, through the 

40 opening, the microwave to the microwave introduc- 
ing hole along the external magnetic field, whereby 
converting a raw material in the plasma chamber 
into plasma by electron cyclotron resonance 
(ECR). 

45 

Brief Description of the Drawings 

Fig. 1 is a view showing the first embodiment of 
a plasma processing apparatus according to the 
so present invention; 

Fig. 2 is a perspective view showing the outer 
appearance of a vacuum waveguide shown in 
Fig. 1; 

Fig. 3 is a view showing a microwave propagat- 
es ing state inside the vacuum waveguide accord- 
ing to the first embodiment 
Fig. 4 is a view showing an arrangement for 
examining the influence of plasma diffused in 
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the embodiment shown in Fig. 1 ; 
Fig. 5 is a graph showing the relationship be- 
tween the ion current, the reflectance, and the 
transmittance in the embodiment shown in Fig. 
1; 

Fig. 6 is an enlarged view showing a microwave 
introducing unit of the second embodiment of a 
plasma processing apparatus according to the 
present invention; 

Fig. 7 is an enlarged view showing a microwave 
introducing unit of the third embodiment of a 
plasma processing apparatus according to the 
present invention; 

Fig. 8 is a perspective view showing the outer 
appearance of a vacuum waveguide shown in 
Fig. 7; 

Fig. 9 is a view showing the fourth embodiment 
of a plasma processing apparatus according to 
the present invention; 

Fig. 10 is an enlarged view showing a micro- 
wave introducing unit of the fifth embodiment of 
a plasma processing apparatus according to the 
present invention; 

Fig. 11 is an enlarged view showing a micro- 
wave introducing unit of the sixth embodiment of 
a plasma processing apparatus according to the 
present invention; 

Fig. 12 is an enlarged view showing a micro- 
wave introducing unit of the seventh embodi- 
ment of a plasma processing apparatus accord- 
ing to the present invention; 
Fig. 13 is an enlarged view showing a micro- 
wave introducing unit of the eighth embodiment 
of a plasma processing apparatus according to 
the present invention; 

Fig. 14 is a view showing the basic arrangement 
of a conventional plasma processing apparatus 
using ECR; 

Fig. 15 is a view showing the basic arrangement 
of a conventional plasma processing apparatus 
manufactured by taking into account deposition 
of conductive films on a microwave introducing 
window; 

Fig. 16 is a view showing the basic arrangement 
of another conventional plasma processing ap- 
paratus manufactured by taking into account de- 
position of conductive films on a microwave 
introducing window; and 

Fig. 17 is a view showing the basic arrangement 
of still another conventional plasma processing 
apparatus manufactured by taking into account 
deposition of conductive films on a microwave 
introducing window. 

Detailed Description of the Preferred Embodiments 

Plasma processing apparatuses according to 
the present invention will be described in detail 



below. 

Embodiment 1 

5 Figs. 1 and 2 show an embodiment of a plas- 

ma processing apparatus according to the present 
invention, in which the same reference numerals as 
in the conventional arrangements described above 
denote the same parts. 

10 Referring to Figs. 1 and 2, a microwave from a 
microwave source 31 is introduced into a plasma 
chamber 20 through a rectangular waveguide 32, a 
tuner 34, a rectangular waveguide 33, a waveguide 
64 which is divided into two portions, a microwave 

15 introducing window 27, and a vacuum waveguide 
63. The waveguide 64 used herein is a rectangular 
waveguide for dividing a microwave into two com- 
ponents, which is a dividing circuit called an E- 
plane Y-divider in a microwave circuit. The T- 

20 shaped vacuum waveguide 63 has an opening 62 
for supplying a microwave at its central portion. 
The vacuum waveguide 63 is constituted by a 
waveguide unit 63-1, in which a microwave propa- 
gates in a direction perpendicular to an external 

25 magnetic field 8 such that the microwave electric 
field is parallel to the external magnetic field B, and 
a tapered pipe unit 63-2 for introducing this micro- 
wave into the plasma chamber 20 along the exter- 
nal magnetic field B. 

30 The opening 62 is formed to have a rectangu- 
lar shape in the surface of the waveguide unit 63-1 
on the side of the plasma chamber 20. In this 
embodiment, the rectangular opening 62 has di- 
mensions of 40 mm, in the propagating direction of 

35 a microwave, and 86 mm, in a direction perpen- 
dicular to the propagating direction. The tapered 
pipe unit 63-2 is arranged between the opening 62 
and a microwave introducing hole 28 of the plasma 
chamber 20. In this embodiment, the tapered pipe 

40 unit 63-2 has a rectangular opening with dimen- 
sions of 96 mm x 40 mm, on the side of the 
waveguide unit 63-1 , and a circular opening 96 mm 
in diameter, which is equal to the length of in the 
longitudinal direction of the waveguide unit 63-1 , on 

45 the side of the plasma chamber 20. Reference 
numerals 27-1 and 27-2 denote microwave intro- 
ducing windows for introducing microwaves while 
maintaining vacuum. The microwave introducing 
windows 27-1 and 27-2 are arranged on the two 

so sides of the opening 62, on both the sides of which 
microwaves propagate perpendicularly to the exter- 
nal magnetic field. In this embodiment, the micro- 
wave introducing windows 27-1 and 27-2 consist of 
quartz plates. 

55 A microwave from the microwave source 31 is 
introduced to the dividing circuit 64 through the 
rectangular waveguide 32, the tuner 34, and the 
rectangular waveguide 33 and divided into two 
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components by the dividing circuit 64. These two 
microwaves propagate equal distances and reach a 
portion near the opening 62 through the microwave 
introducing windows 27-1 and 27-2. Since the 
phases of the electric fields of the two microwaves 
divided by the dividing circuit 64 differ from each 
other by 180 degrees, the electric field of the 
microwave from the microwave introducing window 
27-1 and the microwave from the microwave in- 
troducing window 27-2 cancel each other in the 
vicinity of the opening 62 of the waveguide unit 63- 
1, so that the node of a standing-wave forms near 
the opening 62. This extremely weakens the 
strength of a microwave electric field. 

In this case, arranging the microwave introduc- 
ing windows 27-1 and 27-2 symmetrically with re- 
spect to the opening 62 allows the two microwaves 
divided by the dividing circuit 64 to have perfectly 
equal optical path lengths. This can form the node 
near the opening 62 more effectively. 

The flow of microwave energy, on the other 
hand, is represented by a pointing vector. On the 
left and right sides of the confluent point of micro- 
waves in the waveguide unit 63-1, the microwave 
electric fields have opposite phases, and the micro- 
waves propagate in directions opposite to each 
other. Therefore, the microwave magnetic fields 
have the same phase and enhance each other at 
the confluent point. The resultant microwave mag- 
netic field induces a microwave, and the microwave 
thus induced is radiated into the plasma chamber 
20. The electric field of this microwave radiated has 
a component perpendicular to the external mag- 
netic field. Fig. 3 shows this phenomenon. In Fig. 
3, reference numeral 91 denotes schematically 
lines of electric force of a microwave. 

In this embodiment, the rectangular waveguide 
33 is arranged such that the propagating direction 
of a microwave is perpendicular to the external 
magnetic field and the microwave electric field is 
parallel to the external magnetic field immediately 
before the microwave introducing window 27. To 
realize this, the rectangular waveguide 33 is bent at 
a right angle to form an E corner immediately 
before the microwave introducing window 27. With 
this arrangement, the magnetic field strength near 
the vacuum waveguide 63 is enhanced to be high- 
er than the ECR condition by a magnetic coil 50, 
generating an external magnetic field which satis- 
fies the ECR condition in an appropriate area in the 
plasma chamber 20. 

With the above arrangement, the microwave 
electric field is parallel to the external magnetic 
field B in the waveguide unit 63-1, and the node of 
a standing-wave is formed near the opening 62 to 
extremely weaken the microwave electric field, pre- 
venting plasma generation in the waveguide unit 
63-1. In addition, since the microwave is introduced 



into the plasma chamber 20 along the external 
magnetic field B from the side having a higher 
magnetic field than the ECR condition, no cut-off 
phenomenon of the microwave occurs in the plas- 

5 ma chamber 20. As a result, a high-density plasma 
can be generated stably. 

Where there is a magnetic field, electrons are 
subjected to a Lorerrtz force and hence move ar- 
ound lines of magnetic force. Consequently, it be- 

w comes difficult for the electrons to move in a direc- 
tion perpendicular to the lines of magnetic force. 
Since the waveguide unit 63-1 of the vacuum 
waveguide 63 is so arranged as to be perpendicu- 
lar to the magnetic field, electrons in the plasma 

15 chamber 20 very rarely diffuse into the waveguide 
unit 63-1. In addition, even if electrons exit in the 
waveguide unit 63-1 , since the waveguide unit 63-1 
is a waveguide of a TE mode in which the internal 
microwave electric field is parallel to the external 

20 magnetic field generated by the magnetic coil 50, 
the electrons accelerated by the microwave electric 
field reach the wall of the waveguide immediately, 
and this avoids easy occurrence of a plasma dis- 
charge. It is experimentally confirmed that no plas- 

25 ma discharge takes place when a microwave power 
is 1 kW or less on the order of 10 -4 Torr. 

The microwaves divided by the dividing circuit 
64 pass through their respective corresponding mi- 
crowave introducing windows 27-1 and 27-2, propa- 

30 gate in the waveguide unit 63-1 of the vacuum 
waveguide 63 in a direction perpendicular to the 
external magnetic field generated by the magnetic 
coil 50, and meet each other again in the vicinity of 
the opening 62. At this time, as described above, 

35 the microwave electric fields cancel each other, 
whereas the microwave magnetic fields enhance 
each other. The consequent microwave magnetic 
field again induces a microwave, and the micro- 
wave thus induced propagates toward the plasma 

ao chamber 20 along the magnetic field. In this case, 
if a portion which satisfies the ECR condition exists 
in the vacuum waveguide 63, the introduction of 
the microwave into the plasma chamber 20 is inter- 
fered. In this embodiment, therefore, the magnetic 

45 field strength in the vacuum waveguide 63 is en- 
hanced to be higher than the ECR condition in 
order that no ECR occurs in that portion. This 
arrangement also enables the microwave to be 
introduced into the plasma chamber along the 

so magnetic field from the side having a stronger 
magnetic field than the ECR condition. Conse- 
quently, a high-density plasma can be generated 
efficiently. 

The relationship between the plasma and the 
55 microwave in the above embodiment will be de- 
scribed in more detail below with reference to Figs. 
4 and 5. 
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Plasma can diffuse easily in a direction along a 
magnetic field. In the arrangement of the embodi- 
ment described above, therefore, plasma generated 
in the plasma chamber 20 diffuses to a portion 
near a point P through the microwave introducing 
hole 28. Rg. 4 shows an arrangement for examin- 
ing the influence of the plasma thus diffusing. Re- 
ferring to Rg. 4, reference numerals 130 and 131 
denote power monitors for detecting the power of a 
microwave propagating in the waveguide 63-1 in 
the respective propagating directions; and 132, a 
nonreflecting termination. This arrangement can ex- 
amine the ratios of a microwave M1 reflected to- 
ward the microwave source side and a microwave 
M2 transmitting through the plasma portion P with 
respect to an incident microwave MO and can also 
examine the relationship with an ion current in the 
plasma chamber 20 at that time. The plasma por- 
tion P represents plasma which diffuses from the 
plasma chamber 20 into the waveguide 63-1 
through the microwave introducing hole 28. 

TTie arrangement shown in Fig. 4 cannot repro- 
duce the condition shown in Rg. 1 perfectly be- 
cause a microwave is introduced from only the 
microwave introducing window 27-1. It is, however, 
possible to consider the propagation of a micro- 
wave in Rg. 1 through this arrangement. 

The incident microwave M0 from the micro- 
wave source 31 reaches the plasma portion P 
through the microwave introducing window 27-1. 
The incident microwave power and the reflected 
microwave power are detected by the power moni- 
tor 130. The microwave M2 (transmitted micro- 
wave), on the other hand, which is transmitted 
through the plasma portion P, is detected by the 
power monitor 131 and absorbed by the nonreflec- 
ting termination 132. Rg. 5 shows the measure- 
ment results, in which the ion current density mea- 
sured in a specimen chamber 10 is plotted on the 
abscissa, and the ratios of the reflected microwave 
power and the transmitted microwave power to the 
incident microwave power are plotted on the or- 
dinate. As shown in Rg. 5, a transmittance in- 
dicated by symbol O gradually decreases as the 
ion current increases and becomes 0 when the ion 
current is 2 mA/cm 2 or more. A reflectance in- 
dicated by symbol O, on the other hand, increases 
with the increase in ion current but abruptly de- 
creases when the ion current is 2 mA/cm 2 at which 
the transmittance is 0. Thereafter, the reflectance 
almost remains the same. The ion current in the 
specimen chamber 10 corresponds to the plasma 
density in the plasma chamber 20. 

The above measurement results demonstrate 
that when the density of plasma diffusing to the 
point P increases as the plasma density in the 
plasma chamber 20 increases, the microwave is 
reflected near the plasma portion P. When the 



microwave is reflected near the plasma portion P, 
therefore, the node of a microwave electric field 
and the antinode of a microwave magnetic field are 
formed near the point P, the microwave is reflected 
5 efficiently from that point toward the plasma cham- 
ber 20. It is shown in Rg. 3 that a sufficiently 
dense plasma of over 2 mA/cm 2 is generated under 
condition of low reflection and low transmission. 
From this result the propagation of microwaves in 

10 the arrangement shown in Fig. 1 can be considered 
as follows. First, when the plasma density is low 
enough to allow microwaves to transmit through 
plasma diffusing to the point P, microwaves pass- 
ing through the microwave introducing windows 27- 

15 1 and 27-2 meet each other in the vicinity of the 
opening 62, forming the node of an electric field 
and the antinode of a magnetic field near the 
center of the opening 62. When, on the other hand, 
the plasma density is high and so microwaves 

20 cannot transmit through plasma diffusing to the 
point P, microwaves passing through the micro- 
wave introducing windows 27-1 and 27-2 are re- 
flected by portions near the two sides of the diffus- 
ing plasma, forming the node of an electric field 

25 and the antinode of a magnetic field at those por- 
tions. It should be noted that the microwave is 
reflected by the diffusing plasma after propagating 
in the plasma to some extent which depends on 
the density of the plasma diffusing. 

30 Collectively, the propagation of microwaves in 
the arrangement shown in Fig. 1 can be totally 
understood without regard to the plasma density 
assuming that two virtual reflecting planes per- 
pendicular to the propagating direction of a micro- 

36 wave are present in the opening 62 and the dis- 
tance between these two virtual reflecting planes 
increases with the plasma density. More specifi- 
cally, the two virtual reflecting planes move to the 
center of the opening 62 when the plasma density 

40 is low; and move closer to the two ends of the 
opening 62 when the plasma density is high. The 
microwaves passing through the microwave intro- 
ducing windows 27-1 and 27-2 are reflected by 
these two virtual reflecting planes to form the node 

45 of a microwave electric field and the antinode of a 
microwave magnetic field. Consequently, the mi- 
crowave is reflected efficiently from that position 
toward the plasma chamber 20. The microwave 
reflected is a quasi-TM wave which can be tuned 

so well with a quasi-TM wave as the propagation 
mode in the plasma chamber 20 when plasma is 
present in the chamber 20. This makes very effi- 
cient plasma generation possible. 

In this embodiment, the microwave introducing 

55 windows 27-1 and 27-2 are located at positions at 
dead angles from the opening 28 for introducing a 
microwave into the plasma chamber 20. This pre- 
vents plasma particles generated in the plasma 
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chamber 20 from flying directly to the microwave 
introducing windows 27-1 and 27-2, thereby en- 
hancing the effect of avoiding deposition of films 
on the microwave introducing windows 27-1 to 27- 
2. 

Embodiment 2 

Fig. 6 shows a modification of the first embodi- 
ment, in which the tapered pipe unit 63-2 constitut- 
ing the vacuum waveguide 63 shown in Fig. 1 is 
formed into a rectangular or cylindrical connecting 
pipe unit 63-2A. This second embodiment also 
serves the same effects as in the first embodiment. 

Embodiment 3 

Figs. 7 and 8 show the third embodiment of the 
present invention, in which particularly a microwave 
introducing unit is illustrated in an enlarged scale. 
The arrangements of other portions are the same 
as in Fig. 1. 

Referring to Figs. 7 and 8, reference numeral 
67 denotes a vacuum waveguide having a reflect- 
ing termination 65 at its one end portion. The 
vacuum waveguide 67 is constituted by a 
waveguide unit 67-1 , in which a microwave propa- 
gates in a direction perpendicular to an external 
magnetic field B such that the microwave electric 
field is parallel to the external magnetic field B, and 
a tapered pipe unit 67-2 for introducing this micro- 
wave into a plasma chamber 20 along the external 
magnetic field. An opening 62 is formed in the 
inner surface of the waveguide unit 67-1 on the 
side of the plasma chamber 20 so as to be cen- 
tered at a position away from the reflecting ter- 
mination 65 by a half-wavelength. In this embodi- 
ment, the opening 62 is a rectangular opening with 
dimensions of 40 mm, in the propagating direction 
of a microwave, and 96 mm, in a direction per- 
pendicular to the propagating direction. The ta- 
pered pipe unit 67-2 communicates with the open- 
ing 62. In this embodiment, the tapered pipe unit 
67-2 has a rectangular opening with dimensions of 
96 mm x 40 mm, on the side of the waveguide unit 
67-1 , and a circular opening 96 mm in diameter, 
which is equal to the length in the longitudinal 
direction of the waveguide unit 67-1 , on the side of 
the plasma chamber 20. 

A microwave from a microwave source 31 is 
reflected by the reflecting termination 65 through a 
rectangular waveguide 32, a tuner 34, a rectangular 
waveguide 33, and a microwave introducing win- 
dow 27 and interferes with a microwave propagat- 
ing through the microwave introducing window 27, 
forming a standing-wave in the waveguide unit 67- 
1. Since the opening 62 is centered at the position 
apart from the reflecting termination 65 by a half- 



wavelength, the node of a standing-wave is formed 
in the vicinity of the opening 62, and consequently 
the strength of a microwave electric field becomes 
very weak. The magnetic fields, on the other hand, 

5 enhance each other to radiate the microwave into 
the tapered pipe unit 67-2. The radiated microwave 
is further radiated into the plasma chamber 20 
through the tapered pipe unit 67-2. The electric 
field of the microwave thus radiated has a compo- 

fo nent perpendicular to the external magnetic field. 

With the above arrangement, the microwave 
electric field is parallel to the external magnetic 
field in the waveguide unit 67-1, and the node of a 
standing-wave is formed in the vicinity of the open- 

/5 ing 62 to yield a very weak microwave electric 
field. This makes it possible to prevent plasma 
generation in the waveguide unit 67-1 . In addition, 
since the microwave is introduced into the plasma 
chamber 20 along the external magnetic field from 

20 the side with a magnetic field being higher than the 
ECR condition, no cut-off phenomenon of a micro- 
wave occurs in the plasma chamber 20. As a 
result, a high-density plasma can be generated 
stably. 

25 In this embodiment, the microwave introducing 
window 27 is arranged at a position at a dead 
angle from an opening 28 for introducing a micro- 
wave into the plasma chamber 20. Therefore, plas- 
ma particles generated in the plasma chamber 20 

30 cannot fly directly to the microwave introducing 
window 27. This prevents deposition of films on the 
microwave introducing window 27 more effectively. 

In each of the above embodiments, CVD for 
supplying a raw material in the form of a gas has 

35 been described. The present invention, however, is 
also applicable to a sputtering process in which a 
metal target is additionally provided at a position, 
e.g., immediately below a plasma extracting open- 
ing 21 to supply a raw material in the form of a 

40 solid, as disclosed in 'Electron Cyclotron Reso- 
nance Plasma Deposition Technique Using Raw 
Material Supply by Sputtering," Toshiro Ono, 
Chiharu Takahashi and Seitaro Matuo, JAPANESE 
JOURNAL OF APPLIED PHYSICS 23 (1984), pp. 

45 L534 - L536. This arrangement can also provide 
the same effects as when a raw material is sup- 
plied in the form of a gas. 

As is apparent from the above description, 
according to each embodiment of the present in- 

so vention described above, a microwave passing 
through the dielectric window propagates in a di- 
rection perpendicular to an external magnetic field 
such that the microwave electric field is parallel to 
the external magnetic field. This avoids generation 

55 of plasma inside the waveguide and diffusion of 
plasma into the waveguide (i.e., cut-off of the mi- 
crowave in the waveguide). In addition, the micro- 
wave is introduced into the plasma chamber while 
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the propagating direction is bent at a right angle at 
a location immediately above the plasma chamber, 
at which the strength of an external magnetic field 
is higher than the ECR condition. As a result cut- 
off of the microwave in the plasma chamber can be 6 
prevented. This basically solves the problem of 
deposition of films on the dielectric window to allow 
stable generation of a high-density plasma. Con- 
sequently, metal films, such as films of A!, Mo, W, 
Ti, and UN, and conductive films, such as films of io 
SiC and a-Si, can be stably formed over long 
periods of time. 

Embodiment 4 

15 

Fig. 9 shows a modification of the embodiment 
shown in Fig. 6, in which a magnetic coil 50 is 
constituted by two magnetic coils 50-1 and 50-2, 
and waveguides divided by a dividing circuit 64 are 
connected to microwave introducing windows 27-1 zo 
and 27-2 through portions between the magnetic 
coils 50-1 and 50-2. With this arrangement, the 
distance between the microwave introducing win- 
dows and plasma is increased to prevent deposi- 
tion of conductive films on the microwave introduc- 25 
ing windows more effectively. 

Embodiment 5 

Since plasma can diffuse in a direction along 30 
lines of magnetic force, charged particles of plas- 
ma are incident on the surface of a vacuum 
waveguide 63, which opposes an opening 62. 
When this surface of the vacuum waveguide 63 
opposing the opening 62 is insulated from the 36 
ground potential, a plasma sheath is formed to 
prevent the incidence of charged particles of plas- 
ma. As a result, electrons having lost from plasma 
unless insulation is performed again return to plas- 
ma to contribute to plasma generation, and this 40 
further increases the plasma density. Fig. 10 shows 
an arrangement in which an insulator 68 consisting 
of, e.g., a quartz plate or alumina is located on the 
surface of the vacuum waveguide 63 which op- 
poses the opening 62, thereby insulating that por- 45 
tion from the ground potential. 

Embodiment 6 

Fig. 11 shows another modification of the em- so 
bodiment shown in Fig. 6, in which the same 
reference numerals as in the embodiment shown in 
Fig. 6 denote the same parts and a detailed de- 
scription thereof will be omitted. Note that although 
this embodiment employs a straight connecting 55 
pipe unit, it is, of course, possible to use a tapered 
connecting pipe unit. 



The characteristic portion of this embodiment 
is a reflecting plate 70. This reflecting plate 70 is 
arranged on the pipe wall of a rectangular 
waveguide unit 63-1 of a vacuum waveguide 63, 
which opposes a connecting pipe unit 63-2A, so as 
to suspend vertically from the pipe wall into an 
opening of the connecting pipe unit 63-2A, i.e., into 
a microwave introducing hole 20. Reference nu- 
merals 71 and 72 denote introducing holes com- 
municating with the microwave introducing hole 28, 
which are defined between the reflecting plate 70 
and the inner walls of the connecting pipe unit 63- 
2A. As in the embodiment mentioned earlier, mi- 
crowave introducing windows 27-1 and 27-2 are 
arranged at positions to which no plasma particles 
can fly directly, i.e., at positions at dead angles 
from a plasma chamber 20, particularly from the 
microwave introducing hole. This makes it possible 
to prevent ions or neutral particles in the plasma 
chamber 20 from being incident directly on the 
microwave introducing windows 27-1 and 27-2 dur- 
ing formation of conductive films, preventing depo- 
sition of the conductive films on the microwave 
introducing windows 27-1 and 27-2. This avoids an 
inconvenience that a microwave is reflected or ab- 
sorbed by a conductive film to make plasma gen- 
eration impossible or unstable. 

In this arrangement, a microwave from a micro- 
wave source 31 is guided to a dividing circuit 64 
through a rectangular waveguide 32, a tuner 34, 
and a rectangular waveguide 33 and divided into 
two components by the dividing circuit 64. After 
propagating equal distances in their respective rec- 
tangular waveguides, these two microwaves reach 
the reflecting plate 70 through the microwave in- 
troducing windows 27-1 and 27-2 and are reflected 
by the plate 70. In this case, the node of a micro- 
wave electric field is formed in the vicinity of the 
surface of the reflecting plate 70, and this weakens 
the microwave electric field but strengthens the 
microwave magnetic field. A microwave is induced 
by this microwave magnetic field and radiated into 
the plasma chamber 20 through the introducing 
holes 71 and 72. The microwave thus radiated is a 
quasi-TM wave which can be tuned well with a 
quasi-TM wave as the propagation mode in the 
plasma chamber 20 when plasma is present in the 
chamber 20. Therefore, plasma generation can be 
performed very efficiently. 

In this arrangement, in the waveguide unit 63-1 
of the vacuum waveguide, the electric fields cancel 
each other and the magnetic fields enhance each 
other in the vicinity of the reflecting plate 70. This 
is so because components of an electric field par- 
allel to the surface of a metal must be zero on the 
metal surface, and consequently the electric fields 
of an incident microwave and a reflected micro- 
wave have opposite phases. On the other hand, 



10 



17 



HP0 578 047 A1 



18 



since the propagating directions of the incident 
microwave and the reflected microwave also op- 
pose each other, the magnetic fields of these two 
microwaves have the same phase. As a result, in a 
standing-wave formed in front of the reflecting 
plate, the antinode of a magnetic field forms where 
the node of an electric field forms, and the node of 
a magnetic field forms where the antinode of an 
electric field forms. 

In addition, since the radiation point of a micro- 
wave is maintained constant regardless of the plas- 
ma density, plasma can be stably generated in- 
dependently of the plasma density. Furthermore, 
since the radiation position of a microwave can be 
adjusted by adjusting the thickness or the position 
of the reflecting plate, the homogeneity of plasma 
can be controlled easily. 

Embodiment 7 

Fig. 12 shows an arrangement in which the 
surface of a vacuum waveguide 63, which opposes 
an opening 62, and the surface of a reflecting plate 
are covered with an insulator 73, such as alumina, 
and are thereby insulated from the ground poten- 
tial. Therefore, electrons having lost from plasma 
unless insulation is performed return again to plas- 
ma, contributing to plasma generation. This further 
increases the plasma density. 

Embodiment 8 



tuned well with a quasi-TM wave as the propaga- 
tion mode in the plasma chamber when plasma is 
present in the chamber, so plasma can be gen- 
erated very efficiently. In addition, since the radi- 
s ation positions of microwaves are formed on both 
the sides of the reflecting plate, the electric field 
strength distribution of the microwave electric field 
in the plasma chamber becomes uniform. Con- 
sequently, a homogeneous plasma is generated to 
w make it possible to perform a surface treatment 
evenly on a large-diameter specimen. Furthermore, 
the homogeneity of plasma can be controlled easi- 
ly because the radiation positions of microwaves 
can be freely controlled by adjusting the position of 
is the reflecting plate. 

In each of the above embodiments, CVD for 
supplying a raw material in the form of a gas has 
been described. The present invention, however, is 
also applicable to a sputtering process in which a 
20 metal target is additionally provided at a position, 
e.g., immediately below a plasma extracting open- 
ing 21 to supply a raw material in the form of a 
solid, as disclosed in "Electron Cyclotron Reso- 
nance Plasma Deposition Technique Using Raw 
25 Material Supply by Sputtering," Toshiro Ono, 
Chiharu Takahashi and Seitaro Matuo, JAPANESE 
JOURNAL OF APPLIED PHYSICS 23 (1984), pp. 
L534 - L536. This arrangement can also provide 
the same effects as supply of a raw material in the 
30 form of a gas. 

In the above embodiments, the rectangular 
waveguide 63-1 A can be connected directly to the 
microwave introducing hole 28 without using the 
connecting pipe units 63-2 and 63-2A. 

In addition, in the embodiment shown in Fig. 
11, microwaves are allowed to reach the reflecting 
plate 70 in two directions. However, it is also possi- 
ble to allow microwaves to reach the reflecting 
plate 70 in three directions or more. This similarly 
applies to other embodiments. 

As is apparent from the above description, 
according to each embodiment of the present in- 
vention described above, a microwave passing 
through the dielectric window propagates in a di- 
rection perpendicular to an external magnetic field 
such that the microwave electric field is parallel to 
the external magnetic field. This avoids generation 
of plasma inside the waveguide and diffusion of 
plasma into the waveguide (i.e., cut-off of the mi- 
crowave in the waveguide). In addition, the micro- 
wave is introduced into the plasma chamber while 
the propagating direction is bent at a right angle at 
a location immediately above the plasma chamber, 
at which the strength of an external magnetic field 
is higher than the ECR condition. As a result, cut- 
off of the microwave in the plasma chamber can be 
prevented. This basically solves the problem of 
deposition of films on the dielectric window to allow 



Fig. 13 shows an arrangement in which micro- 
waves from two microwave sources 31-1 and 31-2 
are guided to a vacuum waveguide 63 through 3s 
rectangular waveguides 32-1 and 32-2, tuners 34-1 
and 34-2, rectangular waveguides 33-1 and 33-2, 
and microwave introducing windows 27-1 and 27-2, 
respectively. In this arrangement a phase tuner 80 
adjusts the phases of the microwaves from the ao 
microwave sources 31-1 and 31-2 such that the 
phases differ from each other by 180 degrees at an 
opening 62 of the vacuum waveguide 63. This 
consequently achieves the same effects as in the 
above embodiments. 45 

According to each of the sixth and seventh 
embodiments of the present invention as has been 
described above, a plurality of microwave 
waveguides are arranged such that one end of 
each microwave waveguide is connected to the so 
microwave introducing hole and the propagating 
direction of a microwave in each waveguide is 
perpendicular to an external magnetic field. The 
microwave reflecting plate is also provided at a 
position where the microwave waveguides are con- 55 
nected to the microwave introducing hole. As a 
result, a microwave radiated into the microwave 
introducing hole is a quasi-TM wave which can be 
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stable generation of a high-density plasma. Con- 
sequently, metal films, such as films of Al, Mo, W, 
Ti, and UN, and conductive films, such as films of 
SIC and a-Si, can be stably formed over long 
periods of time. s 

Claims 

1. A plasma processing apparatus characterized 
by comprising: w 

a plasma chamber (20) having a micro- 
wave introducing hole (28); 

microwave supplying means (31; 31-1, 31- 

2); 

first microwave guiding means (32, 33, 34, 15 
64) for guiding a microwave from said micro- 
wave supplying means (31; 31-1, 31-2); 

second microwave guiding means (31; 31- 
1, 31-2) for guiding the microwave to said 
microwave introducing hole (28) upon receiving 20 
an output from said first microwave guiding 
means (32, 33, 34, 64); and 

external magnetic field supplying means 
(50) for supplying a magnetic field to said 
plasma chamber (20), 25 

wherein said second microwave guiding 
means (27, 28, 62, 63) has at least one vacu- 
um waveguide (63) with a dielectric window 
(27) and an opening (62) being formed on the 
side of said microwave introducing hole (28), 30 
said vacuum waveguide (63) being arranged at 
a position where the external magnetic field 
applied from said external magnetic field sup- 
plying means (50) is stronger than an ECR 
condition, and causing the microwave guided 35 
from said first microwave guiding means (32, 
33, 34, 64) to propagate through said dielectric 
window (27) in a direction perpendicular to the 
external magnetic field such that the electric 
field of the microwave is parallel to the external 40 
magnetic field applied to said second micro- 
wave guiding means (27, 28, 62, 63) by said 
external magnetic field supplying means (50), 

said dielectric window (27) is arranged at a 
position at which at least a portion of said 45 
dielectric window cannot been seen directly 
from said microwave introducing hole (28), and 

the propagating direction of the microwave 
is changed at a position immediately above 
said plasma chamber (20), at which the exter- 50 
nal magnetic field strength is higher than the 
ECR condition, thereby introducing, through 
said opening (62), the microwave to said mi- 
crowave introducing hole (28) along the exter- 
nal magnetic field, 55 

whereby converting a raw material in said 
plasma chamber (20) into plasma by electron 
cyclotron resonance (ECR). 



2. An apparatus according to claim 1, wherein 

said first microwave guiding means (32, 
33, 34, 64) includes a dividing circuit (64) for 
dividing the microwave supplied, and 

said vacuum waveguide (63) is connected 
to all output terminals of said dividing circuit 

(64) . 

& An apparatus according to claim 1, wherein 
said microwave supplying means (31; 31-1, 31- 
2) has a plurality of microwave sources (31-1, 
31-2), and also has means (80) for adjusting 
phases of microwave outputs from said micro- 
wave sources (31-1, 31-2). 

4. An apparatus according to claim 1 , wherein at 
least a portion of an inner wall opposing said 
opening (62) is insulated from the ground po- 
tential. 

5. An apparatus according to claim 1, wherein a 
microwave reflecting plate (70) is suspended 
from the inner wall of said vacuum waveguide 
(63), which opposes said opening. 

6. An apparatus according to claim 1, wherein a 
connecting pipe (63-2; 63-2A) is arranged be- 
tween said opening (62) and said microwave 
introducing hole (28). 

7. An apparatus according to claim 6, wherein 
said connecting pipe (63-2; 63-2A) is a tapered 
pipe (63-2). 

& An apparatus according to claim 1, wherein a 
reflecting termination is formed on one end 

(65) of said vacuum waveguide (67), and the 
other end of said vacuum waveguide (67) is 
connected to said first microwave guiding 
means through said dielectric window (27). 
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